
 
 

                          
 

SANDIA REPORT 
SAND2017-11773  
Unlimited Release 
Printed November 1, 2018 
 
 
 

Construction Vibration Impacts on the 
Center for Integrated Nanotechnologies 
 
 
Sean J. Hearne, Ted Kostranchuk, Katherine Jungjohann, Ezra Bussmann, Brian 
Swartzentruber, Karl Weiss (Arizona State University), Victor Wowk (Machine 
Dynamics, Inc.) 
 
 
 
Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico  87185 and Livermore, California  94550 
 
Sandia National Laboratories is a multimission laboratory managed and operated  
by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned  
subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s  
National Nuclear Security Administration under contract DE-NA0003525. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

2 

Issued by Sandia National Laboratories, operated for the United States Department of Energy by 
National Technology and Engineering Solutions of Sandia, LLC. 
 
NOTICE:  This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government, nor any agency thereof, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, make any 
warranty, express or implied, or assume any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represent that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government, any agency thereof, or any of their contractors or subcontractors.  The 
views and opinions expressed herein do not necessarily state or reflect those of the United States 
Government, any agency thereof, or any of their contractors. 
 
Printed in the United States of America. This report has been reproduced directly from the best 
available copy. 
 
Available to DOE and DOE contractors from 
 U.S. Department of Energy 
 Office of Scientific and Technical Information 
 P.O. Box 62 
 Oak Ridge, TN  37831 
 
 Telephone: (865) 576-8401 
 Facsimile: (865) 576-5728 
 E-Mail: reports@osti.gov 
 Online ordering: http://www.osti.gov/scitech 
 
Available to the public from 
 U.S. Department of Commerce 
 National Technical Information Service 
 5301 Shawnee Rd 
 Alexandria, VA  22312 
 
 Telephone: (800) 553-6847 
 Facsimile: (703) 605-6900 
 E-Mail: orders@ntis.gov 
 Online order:  https://classic.ntis.gov/help/order-methods/ 
 

 
  

mailto:reports@osti.gov
http://www.osti.gov/scitech
mailto:orders@ntis.gov
https://classic.ntis.gov/help/order-methods/
https://classic.ntis.gov/help/order-methods/
https://classic.ntis.gov/help/order-methods/


 
 

3 

SAND2017-11773  
November 2017 

Unlimited Release 
 
 

Construction Vibration Impact on the Center for 
Integrated Nanotechnologies 

 
Sean J. Hearne 

Center for Integrated Nanotechnologies 
 

Ted Kostranchuk 
Project & Construction Management 

 
Katherine Jungjohann 
Nanostructure Physics 

 
Ezra Bussmann 

Solid State Microsystems 
 

Brian Swartzentruber 
Nanosystems Synthesis/Analysis 

Sandia National Laboratories 
P. O. Box 5800 

Albuquerque, New Mexico  87185-MS1315 
 

Karl Weiss 
Arizona State University 

 
Victor Wowk 

Machine Dynamics, Inc. 
 

 
Abstract 

Under the direction of the James W. Todd, Assistant Manager for Engineering within 
the National Nuclear Security Administration Sandia Field Office, the team listed 
above has performed the attached study to evaluate the vibration sensitivity of the 
Center for Integrated Nanotechnologies and propose possible mitigation strategies.  

 
  



 
 

4 

  



 
 

5 

TABLE OF CONTENTS 

1. Background ........................................................................................................................10 
1.1. CINT Facility .........................................................................................................10 
1.2. NACP Facility ........................................................................................................13 
1.3. Directive from NNSA to NTESS ...........................................................................14 
1.4. Descriptions of CINT Vibration Sensitive Capabilities.........................................15 

1.4.1. Atomic Precision Fabrication ................................................................15 
1.4.2. Transmission Electron Microscopes .....................................................16 

2. Arizona State University Microscopy Facility ..................................................................20 

3. NNSA Vibration Test ........................................................................................................21 

4. CINT’s New Vibration Monitoring System ......................................................................23 
4.1. Vibration Monitor System Description ..................................................................23 
4.2. Background Vibration at CINT .............................................................................24 

5. Third CINT Vibration Study ..............................................................................................25 
5.1. Impact Test – High Frequency Response ..............................................................25 
5.2. Dump Truck Test – Low Frequency Response ......................................................26 
5.3. Instrument Resolution Tests during Dump Truck Test..........................................27 

6. Tool-Based Vibration Reduction System ..........................................................................29 
6.1. System Description ................................................................................................29 
6.2. Calculated Vibration Reductions ...........................................................................31 
6.3. System Purchased ..................................................................................................32 

7. Conclusions and Recommendations ..................................................................................34 
7.1. Key Findings ..........................................................................................................34 
7.2. Recommendations ..................................................................................................34 
7.3. Other Considerations .............................................................................................35 

Appendix I:  SFO Directive to NTESS to Perform Vibration Study .............................................36 

Appendix II: CINT Pre-Construction Vibration Report ................................................................38 

Appendix III:  NNSA / BES Memorandom of Understanding ......................................................65 

Appendix IV:  Amec Foster Wheeler Project No. 16-519-01563 .................................................70 

Appendix V:  Wilcoxon Research Model 731A Seismic Accelerometers and the Crystal 
Instruments, Spider 80x Box..................................................................................73 

Appendix VI:  Machine Dynamics, Inc. Test Report ....................................................................76 
 
  



 
 

6 

FIGURES 

Figure 1.1.1. The Center for Integrated Nanotechnologies Core Facility (Building 518) ............ 10 
Figure 1.1.2. CINT Floorplan ....................................................................................................... 11 
Figure 1.1.3. CINT Siting ............................................................................................................. 12 
Figure 1.2.1. NACP Facility Artist Rendition .............................................................................. 13 
Figure 1.2.2. NACP Facility Proposed Location .......................................................................... 14 
Figure 1.4.1. CINT’s Atomic Precision Fabrication Capability ................................................... 16 
Figure 1.4.2. CINT’s TEMs .......................................................................................................... 17 
Figure 1.4.3. Tecnai F30 Requires VC-E (vertically) for Optimal Imaging................................. 18 
Figure 2.1. Representative ASU TEM room ................................................................................ 20 
Figure 3.1. Cat CS74B Vibratory Soil Compactor ....................................................................... 21 
Figure 3.2. Photo of Backfilled and Compacted Test Strip .......................................................... 21 
Figure 3.3. Aerial View of Test Area and Location of Sensors .................................................... 22 
Figure 4.1.1. Accelerometer Locations ......................................................................................... 24 
Figure 5.1.1. Portable Hardness Tester ......................................................................................... 25 
Figure 5.2.1. Photo of Dump Truck Used in Vibration Test ........................................................ 26 
Figure 5.2.2. Route of Dump Truck for Vibration Test ................................................................ 27 
Figure 5.3.1. Dump Truck Vibration Impact on High-Resolution STEM Imaging ..................... 28 
Figure 5.3.2 Dump Truck Test Impact on SEM Imaging ............................................................. 29 
Figure 6.1. TMC STACIS III Vibration Isolation System ........................................................... 30 
Figure 6.2. Plot of the Expected Transmissibility for the STACIS III System ............................ 32 
Figure 6.3. Blueprint of MTS System Purchased for Atomic Precision Fabrication System ....... 33 
 

TABLES 

Table 1.4.1. APF Vibration Sensitivity ......................................................................................... 16 
Table 1.4.2. Titan ETEM Requires VC-F (vertically) for Optimal Imaging ................................ 19 
Table 4.1.1. Seismic Accelerometer Locations ............................................................................ 23 
Table 6.1. STACIS III System Performance ................................................................................ 30 
 
  



 
 

7 

EXECUTIVE SUMMARY 

This SAND report was developed by representatives of National Technology and Engineering 
Solutions of Sandia (NTESS) at the request of the National Nuclear Security Administration – 
Sandia Field Office (NNSA-SFO), included in Appendix I. This request was prompted by the 
anticipated construction of the NNSA Albuquerque Complex Project (NACP) in the lot adjacent 
to the southern edge of Center for Integrated Nanotechnologies (CINT) Core Facility, building 
518, starting in the fall of 2018. This report documents the background, sensitivities, and 
potential mitigation strategies to reduce the impact of vibrations on CINT during the construction 
of the NACP.  
 
There have been three studies of the vibration environment of the CINT facility since 2002. The 
first study in 2002 was performed in order to verify that the vibration environment was suitable 
for locating a highly sensitive nano-science facility. This study demonstrated that siting CINT 
west of Eubank Boulevard in the Sandia Technology Park adequately reduced road vibrations 
and provided an acceptable level of aircraft noise to meet the vibration standard of VC-E (3 
microns/second).  
 
The second study, conducted under the direction of NNSA-SFO, was a simulation of the 
construction process that is believed to induce maximum vibrations, trenching and soil 
compaction. This study, performed in December 2016, found that vibrations observed at the 
North edge of the CINT facility induced from soil compaction exceeded VC-E by nearly a factor 
of 100. However, due to limitations in the resolution of the vibration sensors used in the study no 
further conclusions could be drawn. 
 
The third study was performed in September of 2017 and forms the basis of this report. This 
study simulated construction traffic around the CINT facility using a newly installed vibration 
monitoring system within CINT. This system with resolution better than VC-E resolution 
provides 24-hours-a-day/7-day-a-week monitoring of the vibrations in the four labs located in the 
corners of the CINT facility. It will also allow monitoring during future construction projects in 
and around the CINT facility. This study concluded that the CINT facility is typically well below 
VC-E and the impact to CINT from construction traffic and actives south of the facility will 
typically also be below VC-E.  
 
To reduce the potential impact of vibrations on the Atomic Precision Fabrication (APF) system, 
located closest to the southern edge of CINT, a piezoelectric driven active isolation system was 
purchased. This system will be installed in January 2018 and will provide additional robustness 
of the APF to anticipated construction vibrations. 
 
This report concludes that CINT’s AFP and transmission electron microscopy (TEM) 
capabilities will both be inoperable during the compaction process associated with NACP’s 
construction. It is unclear what the impact of trenching will be, but it is believed that other 
construction activates will have minimal impact on CINT. Appropriate administrative controls 
and communication protocols must be established to allow both the construction of the NACP 
and continued operation of CINT. No long term impact is anticipated provided NACP uses 
appropriate mitigations in their facilities design. Detailed conclusions and recommendations 
from this committee are presented in section 7 of this document. 
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NOMENCLATURE 

 
Abbreviation Definition 

APF Atomic Precision Fabrication 
BES Basic Energy Sciences 
CINT Center for Integrated Nanotechnologies 
NACP NNSA Albuquerque Complex Project 
NNSA National Nuclear Security Administration  
NSRC Nanoscale Science Research Center  
NTESS National Technology and Engineering Solutions of Sandia 
SFO Sandia Field Office 
SNL Sandia National Laboratories  
STEM Scanning Transmission Electron Microscope 
TEM Transmission Electron Microscope 
VC-E Vibration Criterion level E (3.0 microns/second) 
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1. BACKGROUND 

1.1. CINT Facility 
The Center for Integrated Nanotechnologies (CINT) plays a leadership role in the integration of 
nanostructured materials to enable novel capabilities and applications through its function as a 
Department of Energy/Office of Science Nanoscale Science Research Center (NSRC) national 
user facility. By coupling open access to unique and world-class capabilities and scientific 
expertise to an active user community, CINT supports high-impact research that no other single 
institution could achieve. 

CINT’s vision is one scientific community focused on nanoscience integration. 

Deriving the ultimate benefit from nanoscience will require the assembly of diverse nanoscale 
materials across multiple length scales to design and achieve new properties and functionality; in 
other words, nanomaterials integration. Integration has played a pivotal and revolutionary role in 
the development of nearly all science and technology. The most familiar and dramatic illustration 
is the development of very large-scale integrated circuits where active and passive devices based 
on semiconductors, dielectrics, insulators, and metals are monolithically integrated on a single 
platform for specific applications. Even greater challenges exist as nanomaterials are integrated 
into new architectures to form functional systems. Interfaces and defects are formed whose 
structures and properties can dominate the chemical, mechanical, electronic, and optical 
properties of the system. The effects of synthesis and fabrication processes on performance must 
be investigated and new directed- and self- assembly approaches developed for greater functional 
control. Combined bottom-up and top-down synthesis and assembly techniques must be 
optimized and/or invented to allow the intentional design of hierarchical materials. Establishing 
the fundamental principles that underpin the integration of nanomaterials that display unique 
properties, such as quantum confinement, is of paramount importance to nanoscience and 
ultimately nanotechnology. 

CINT has two primary locations, one at Los Alamos National Laboratory, and the other (the 
CINT Core Facility shown in Figure 1.1.1.) located at Sandia National Laboratories in the 
Science and Technology Park.  

 

 
 Figure 1.1.1. The Center for Integrated Nanotechnologies Core Facility (Building 

518) 
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On average, the CINT facilities host over 500 users per year from over 28 countries. Some of the 
nanointegration experiments are highly vibration sensitive and care must be taken to prevent 
long term disruptions in CINT’s ability to meet its mission. Two tools have been identified as 
being the most highly vibration sensitive, the Atomic Precision Fabrication (APF) tool and the 
two CINT Transmission Electron Microscopes (TEMs). Both of these tools require the 
maximum vibration in the facility to stay below the VC-E (3.0 micron/seconds) design 
specification. These systems are described in detail in section 1.4. Figure 1.1.2. shows the 
floorplan of the CINT-Core facility with the locations of the TEM labs and APF tools called out.  

 

 
Figure 1.1.2. CINT Floorplan 

 

Extensive studies of the intrinsic vibration of the plot on which CINT was eventually constructed 
were performed in 2002 by Colin Gordon & Associates (included in Appendix II). The key 
finding from the report was that the vibrations induced by light vehicle traffic was damped to 
VC-E (3 microns/sec), at approximately 250 feet from Eubank Boulevard and heavy vehicle 
vibrations met VC-E by 550 feet. “Building effects” were anticipated to reduce the vibrations 
that impacted tools within CINT, hence a proposed setback of 400 feet was deemed reasonable.  
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The CINT facility was sited so that the three key highly vibration sensitive laboratories, 1512, 
1122, and 1102, would meet the 550 foot setback from Eubank Boulevard. Note, that there are 

laboratories with less than 550 foot setback, e.g., room 1501 e-Beam lab. 

Figure 1.1.3. CINT Siting 
 

 

Figure 1.1.3. is a schematic of the as-built location of the CINT-Core facility. The three 
laboratories that are the most sensitive to vibration, 1512, 1122, and 1102, are positioned to meet 
the 550 foot setback limit from Eubank Boulevard.  

Prior to the construction of CINT in 2004, an agreement was reached between NNSA and BES 
as to a number of conditions including the maximum allowable vibration at CINT during 
construction or operation on the adjacent properties. This agreement (attached as Appendix III) 
includes a discussion of the need to minimize vibrations at the CINT facility due to the sensitive 
nature of the instruments. The remainder of this SAND report explores a set of experiments 
conducted by NNSA and by SNL in order to better understand the inherent vibration levels in the 
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CINT facility and the potential impacts of construction and operation of the NNSA Albuquerque 
Complex Project, which is planned to be located in the parcel immediately south of the CINT-
Core facility.   

 

1.2. NACP Facility 
The NNSA Albuquerque Complex Project is a new facility to be built on the parcel immediately 
south of the CINT Core facility (Figure 1.2.1). This facility is slated for construction starting Fall 
2018 and is anticipated to house around 1200 employees in its approximately 300,000 square 
feet of space.   

 

 
Figure 1.2.1. NACP Facility Artist Rendition 

 

This project is motivated by a number of factors. Foremost of which is that the infrastructure at 
the current Albuquerque Complex is problematic and office work space is less than desirable. 
Replacement of the current Albuquerque Complex began in the 1970s, with the Eubank Tract 
being transferred from the Air Force to DOE for construction of a new complex on November 
19, 1979. 

In 2015, just prior to release of the Request for Lease Proposals by the GSA, an Analysis of 
Alternatives was requested by the Management Council. The Analysis of Alternatives results 
showed that line-item construction was the best alternative. 

The NEPA analysis for NACP included alternatives such as the new buildings on either the 
southern and northern portions of the Eubank Tract as well as building at the current site of the 
Albuquerque Complex. It was determined that the best location for the complex would be on the 
plot of land just south of the CINT facility (Figure 1.2.2.)  
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Aerial image of the proposed NACP facility location (left figure), anticipated layout of the 
facility (right figure) 

Figure 1.2.2. NACP Facility Proposed Location 
 

 

1.3. Directive from NNSA to NTESS 
The May 9th, 2017 memo (Appendix I) from James W. Todd, Assistant Manager for 
Engineering, directed Susan J. Seestrom, Associate Laboratory Director Advanced Science and 
Technology, to implement the following: 
 

The SFO requests National Technology and Engineering Solutions of Sandia, LLC 
(NTESS) form an advisory panel, comprised of subject matter experts, to look at 
potential impacts to CINT, and identify mitigation strategies for NNSA to consider with 
regard to the construction and operations of the NACP. The SFO requests that NTESS 
invite a representative from BES to serve on this advisory panel. The SFO also requests 
NTESS to look at all mitigation strategies, to include engineering, and administrative 
controls that can be implemented with respect to the site, facility (CINT), and operations 
(work scheduling and planning). Please consider strategies associated with the 
construction and operations of the NACP, as well as any future development (i.e., 
Kirtland Air Force Base, NNSA, City of Albuquerque) that may occur in the area that 
could potentially impact CINT operations. By November 1, 2017, please provide the SFO 
with recommended mitigation strategies associated with the construction and operations 
of the NACP, the operations at the CINT, and future development in the area. 
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In response to this directive, Sean J. Hearne, Sr. Manager 1880, was tasked with organizing a 
committee to perform the analysis presented in this SAND report. This document is the 
committee’s best effort to respond to the directive. 
 
The committee was made up of the following individuals:  
 
Sean J. Hearne (chair) – Sandia National Labs Senior Manager with primary oversight of the 
CINT Core Facility (building 518) 
 
Ted Kostranchuk – Sandia National Laboratories Facilities Engineering Project Manager 
with oversight of the vibration testing system and on-site vibration experiments 
 
Katherine Jungjohann – Principal Member of Technical Staff and owner of CINT’s two 
transmission electron microscopes 
 
Ezra Bussmann - Principal Member of Technical Staff and owner of CINT’s two Atomic 
Precision Fabrication systems 
 
Brian Swartzentruber – Manager of Organization 1882 and subject matter expert in atomic 
surface probes 
 
Karl Weiss (Arizona State University) - John M. Cowley Center for High Resolution 
Electron Microscopy Manager 
 
Victor Wowk (Machine Dynamics, Inc.) – Senior Vibration Analyst and Professional 
Engineer (P.E.) 
 
The Office of Science BES respectfully declined the invitation to have representation on 
the committee. 

 

1.4. Descriptions of CINT Vibration Sensitive Capabilities 

1.4.1. Atomic Precision Fabrication 
This tool is used to fabricate and image atomic-sized structures on material surfaces. The system 
creates atomic-precision lithography templates by opening holes in a single atomic layer thick 
hydrogen mask (see Figure 1.4.1 below). The templates have atomically sharp precision with 
feature sizes from a single atom up to 10 micrometers. The templates are formed using a 
scanning tunneling microscope (STM) probe as depicted in Figure 1.4.1 below. Then, selective 
chemical vapor deposition (CVD) via the lithographic template is used to dope Si via the 
template. Applications for the tool include quantum device fabrication, tailored atomically-
registered surface functionalization for chemistry and materials growth studies, donor-array 
based tunable electronic materials, and thin-film growth studies via molecular beam epitaxy. 
This is one of three such systems in the United States and the only one within the DOE labs. 
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A schematic representation of an atomic surface being modified by the STM tip (left figure), one 
of the APF tools that is located in CINT (right figure). 

Figure 1.4.1. CINT’s Atomic Precision Fabrication Capability 
 

Table 1.4.1. APF Vibration Sensitivity 

  
 

1.4.2. Transmission Electron Microscopes  
A TEM is a microscope that uses electrons focused with magnetic lenses to resolve structures 
down to the atomic scale in materials. Due to the fine detail being resolved in the materials, these 
microscopes require a specialized environment for optimal performance. Site surveys are 
conducted within a building prior to the installation of the system to ensure the magnetic fields 
are below 30 nT, thermal fluctuations are below 0.1°C/30 min, and floor vibrations are below 
VC-E to VC-F levels. Disturbances from these specifications can degrade the atomic-scale 
information in the images or can cause large thermal drift which will blur the images. 

The FEI Tecnai G2 F30 TEM, located in lab 1102 of the CINT building, operates with 100-300 
keV electrons for imaging in parallel beam (TEM) or scanning probe (STEM) modes of imaging. 
In TEM mode, images are collected on a CCD after transmission of the incident electrons 
through the specimen, where elastic scattering from the material creates contrast as a shadow 
image from the material. The electrons that lose energy by interacting with the specimen, 
inelastically scattered, can be collected using spectrometers for electrons and x-rays. These 
spectrometers provide compositional information from the sample. The great value in TEM, in 
comparison to bulk characterization techniques, is the site specific nature of the information. 
Data can be collected of the structure and composition at a grain boundary in a metal, for 
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instance, which no other technique can achieve. Sensitivity to single atoms is the advantage of 
STEM imaging, where the resolution of the image depends on the size of the electron probe. 
Therefore, disturbances in the formation or raster of this probe will degrade the ability to obtain 
single atom sensitivity with these instruments. The resolution of the Tecnai in TEM mode is 0.14 
nm, where in STEM mode it is capable of 0.164 nm. The value of the Tecnai F30 with added 
spectrometers is about $2.5 million US.  

 

 
(00 kV FEI Tecnai G2 F30 TEM (left image), 300 kV FEI Titan ETEM (right image). 

Figure 1.4.2. CINT’s TEMs 
 

The FEI Titan Environmental TEM (ETEM), located in lab 1122 of the CINT building, operates 
with 200-300 keV electrons where additional lenses have been added to this TEM to allow for 
decreased energy spread of the electrons emitted from the source (monochromator), and 
corrected beam pathways for electrons traveling off the center axis in the column (image-
corrected, Cs-corrected). These additional lenses increase the sensitivity of the instrument for 
optimal performance. The resolution of the Titan—image-corrected in TEM mode—is 0.09 nm, 
where in STEM mode it is capable of 0.136 nm. The value of the Titan ETEM with added 
monochromater, stabilized electron emitter, image-corrector, cameras, and piezo-stage is about 
$7.8 million US. 

The differences in the imaging abilities between the Tecnai and the Titan, is represented by the 
vibration requirements for optimal imaging. The Tecnai can be operated to specification with 
VC-E (3.12 µm/s) vertical vibrations, Figure 1.4.2, whereas the Titan requires VC-F (1.56 µm/s), 
Figure 1.4.3 As STEM imaging is more susceptible to image distortions by vertical vibrations, 
the vibration test with the dump truck was completed during STEM imaging on the Titan ETEM.  
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Manufacturer’s vibration requirements for the Tecnai F30, super-twin 

objective lens. 

Figure 1.4.3. Tecnai F30 Requires VC-E (vertically) for Optimal Imaging 
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Table 1.4.2. Titan ETEM Requires VC-F (vertically) for Optimal Imaging 
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2. ARIZONA STATE UNIVERSITY MICROSCOPY FACILITY 
To collect background information on state-of-the-art vibration control for a facility, a sub-set of 
the team performed a site visit to Arizona State University’s (ASU’s) John M. Cowley Center for 
High Resolution Electron Microscopy. The facility, managed by Prof. Karl Weiss, houses eight 
transmission electron microscopes, including a FEI Titan 300 that is similar to the ETEM that 
CINT has recently installed.  
 
This facility was built specifically for use as an electron microscopy facility and extreme 
measures were taken to ensure the most stable environment possible for the microscopes. The 
challenges of locating the microscopy facility at the ASU Tempe campus include: the site being 
adjacent to major campus traffic, overhead aircraft from Sky Harbor’s departure path, and 
temperature fluctuations from 80F to 120F in the summer. 
 
 

  
(Left) Techni F20 TEM system. (Right) Wall mounted thermal radiator system. 

Figure 2.1. Representative ASU TEM room 
 
 
To mitigate the environmental noise, a 42 inch thick reinforced concrete slab was poured, which 
weighs approximately 2 million pounds. The walls are 12 inches thick and in the microscopy 
rooms, there is an additional layer of concrete blocks to mitigate transmitted sounds. Each of the 
microscopy bays are 16 ft. x16 ft. and 18.5 ft. tall and have both radiant Figure 2.1 – right) and 
ultra-low-flow HVAC to keep thermal stability to better than one degree Fahrenheit. This facility 
exceeds the VC-F (1.56 microns a sec) vibration level which is a requirement on some of the 
highest resolution microscopes.  A key take-away from the site visit for the team was the need to 
ensure that all mechanical support systems in the building are adequately damped. It is unlikely 
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that CINT will be able to implement the structural changes needed to replicate ASU’s 
capabilities. 

3. NNSA VIBRATION TEST 
To determine the highest level of vibration induced during the construction of the NACP, Amec 
Foster Wheeler was commissioned with performing a simulation of the excavating, backfilling 
and compaction that will be used during construction. The full report, as provided from Amec 
Foster Wheeler, is included in Appendix IV of this SAND. Figure 3.1 is a photo of the Cat 
CS74B used during the compaction portion of the test and Figure 3.2 is the actual test area after 
backfilling and compaction was completed. Figure 3.3 is the aerial view of the trenching area 
with the locations of the vibration sensors marked. 
 
 

 
Figure 3.1. Cat CS74B Vibratory Soil Compactor 

 
 

 
Figure 3.2. Photo of Backfilled and Compacted Test Strip 
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Vibration monitors were placed at the corners of the CINT facility. Unfortunately, the choice of 
monitors did not allow for the monitoring of vibrations down to VC-E (3 microns / sec). Rather, 
the threshold for the sensors was 101 microns / second. Despite that limitation there were still 
significant vibrations observed during the compaction portion of the test. The maximum 
vibrations recorded near the APF were approximately 380 microns / second and 127 microns / 
second by the TEMs. 
 
The manufactures of the APF and the TEM indicated that they do not expect any permanent 
damage to the systems from experiencing the observed level of vibration. However, neither of 
the tools will be operable during the compaction events. As NNSA representatives from the 
construction team estimated that the trenching and compaction process could last up to 6 months, 
there will be a substantial impact on operations during that period. 
 
As there were no vibration measurement taken below the 101 micron/second threshold of the 
system it is possible that the excavation could also induce vibrations in excess of VC-E. 
Additional tests are required to make this determination. 

 

 
Figure 3.3. Aerial View of Test Area and Location of Sensors 
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4. CINT’S NEW VIBRATION MONITORING SYSTEM 
To improve CINT’s ability to measure vibrations and to allow continuous monitoring, a 
standalone vibration monitoring system was permanently installed within the CINT facility. The 
vibration monitoring system was purchased by Sandia National Laboratory and is intended to 
remain in place and operational indefinitely. The system was operational the week of September 
25th and was used in the vibration tests presented in sections 5 and 6 of this SAND report. Doug 
Pete, a principle level technologist in org. 1881, has taken primary ownership of the system and 
is charged with maintaining the system and monitoring for excursions. 
 

4.1. Vibration Monitor System Description 
The vibration monitoring system installed in CINT is a four channel vibration monitoring system 
that consists of four Wilcoxon Research Model 731A seismic accelerometers, 10 V/g. The 
sensors are placed on the floor, in a vertical orientation, in the laboratory rooms listed in Table 
4.1.1. and Figure 4.1.1.  
 

Table 4.1.1. Seismic Accelerometer Locations 
Channel Number 

Serial 
Room 

Number 
Room Description 

1 10554 1102B Tecnai F30 TEM Lab 
2 10551 1522A Lithography Chase 
3 10552 1112A Quantum Transport Lab 
4 10553 1532 Flex Bay 

 
The sensor signals are direct wired to a dynamic signal analyzer. The analyzer is an 8-channel, 
Crystal Instruments, Spider 80x Box. Only channels 1 to 4 are active and populated. The 
analyzer averages data for 60-seconds from each sensor, then transfers the resulting auto-power 
spectrum to the host computer memory for storage.  
 
Four additional cables have been placed above the ceiling to the four remote corners of the 
facility in anticipation of monitoring for external construction activity. In addition, four power 
unit/amplifiers, Wilcoxon Model P31, with cables are available to relocate the  accelerometers 
anywhere in the facility and view the signal data with any low-frequency portable dynamic-
signal analyzer.  
 
Details of the Wilcoxon Research Model 731A seismic accelerometers and the Crystal 
Instruments, Spider 80x Box can be found in Appendix IV. 
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Red circle indicates location of the Spider 80x Box, and the blue 

circles indicate the location of the sensors.  

Figure 4.1.1. Accelerometer Locations 
 
 

4.2. Background Vibration at CINT 
By looking at the continuously acquired vibration data over a several day period of normal CINT 
operations, we found that the nominal background vibrations are better than VC-E at all four 
sensor locations. We attribute this to the care taken in building site selection and facilities 
engineering of the building physical plant, such as vibration isolation of the building HVAC 
equipment. The residual vibrations measured were primarily due to CINT-owned vacuum pumps 
and compressors that have not been specifically isolated from the concrete floor slab. These 
vibration sources are localized in the building and are completely extinguished at the distance of 
the next nearest sensor. 
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5. THIRD CINT VIBRATION STUDY 
To further understand CINT’s sensitivity to vibrations, Machine Dynamics, Inc. was 
commissioned to perform two experiments in the fall of 2017. These test used the newly installed 
vibration monitoring system described in the previous section to record all of the seismic data. 
The testing was done in two parts. The first part of the test measured the high-frequency 
response (Section 5.1) and the second part measured the low frequency response (Section 5.2). 
The full report from these tests are included in this document as Appendix VI, with sections 5.1 
and 5.2 being excerpts from the study. 
 

5.1. Impact Test – High Frequency Response 
 

 
Figure 5.1.1. Portable Hardness Tester 

 
 
A portable hardness tester (Figure 5.1.1) was used to generate a 1,500 Kg impact onto a steel 
plate. This testing was done outside the northeast corner of the facility. The closest sensor in 
Room 1102, SPM Lab, was observed while the hardness tester impacted the steel plate several 
times. With the steel plate on dirt, no discernible shock pulse was visible above the normal 
background environment. With the steel plate on the concrete walk outside the northeast door, 
shock pulses were visible at levels approximately three times the normal background 
environment. 
 
The conclusion from this impact testing is that the dirt around the CINT Facility provides 
a good isolation barrier to impacts that create high-frequency vibration. 
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5.2. Dump Truck Test – Low Frequency Response 
 

 
Figure 5.2.1. Photo of Dump Truck Used in Vibration Test 

 
A fully loaded dump truck was commissioned to drive around the south side of the CINT facility 
(Figure 5.2.1). The truck was loaded with 23 tons of rock and dirt for a total weight of 80,500 
pounds. Figure 5.2.2. is an aerial view of the route traveled during the tests runs. On the south 
side access road, one half of the tires were on the pavement, while the other half traveled on the 
uneven dirt adjacent to the pavement. The dump truck traveled the route three times, during 
which data from the four seismic accelerometers installed in the CINT facility was digitally 
recorded. The most active signals, when the dump truck was rolling close to the building, were 
captured in a peak-hold averaging mode. The truck activity created a significant low-frequency 
motion at 3.0 Hz plus broadband activity between 10 to 30 Hz. In the peak-hold averaging mode, 
these vibrations exceed the 3.0 microns/sec limit. In the exponential-averaging mode from the 
Crystal Instruments box, the same vibrations are visible but the levels remain well below 3.0 
microns/sec. 
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Figure 5.2.2. Route of Dump Truck for Vibration Test 
 
The 3.0 Hz vibration is the one likely to induce the larges impact on the APF and TEMs. It was 
the conclusion of the study that there is a resonant coupling between the seismic waves generated 
form the truck and the CINT structure, possibly be the roof. The 3.0 Hz vibration was visible at 
all four sensor locations, even those on the north side. The north side sensors did not display any 
significant vibrations in the 10- to 30-Hz range during the truck motion. The spectral pattern was 
very similar to normal background motion with a very small peak at 3.0 Hz. 
 
The following five specific conclusions were made based on this study: 

1. The CINT Facility, building 518, is relatively insensitive to external vehicular 
movement on Eubank.  

2. Heavy truck movement (80,500 pounds) on unpaved grounds within 100 feet of the 
building will marginally exceed the VC-E limit of 3.0 microns per second. 

3. Diesel engines, whether on construction vehicles or portable generators, will have a 
negligible impact on the facility if kept more than 200 feet away. 

4. High frequency impact motion from construction activity, like hammering, pneumatic 
tools, or grinding, is not likely to affect the facility. 

5. Low frequency ground pounding from compaction could be troublesome. 
 
 

5.3. Instrument Resolution Tests during Dump Truck Test 
On Saturday October 7th after 10:00 am, while the Dump Truck filled with 80,000 lbs of rocks 
was traversing the route shown in figure 5.2.2., the Electron microscopes within CINT were 
being used in high-resolution mode to observe any impact. At 9:30 am that day, the Tecnai F30 
(lab 1102) was aligned in STEM mode for the test, though within 2 minutes of the first drive-by, 
the fan on the graphics card for the control PC failed. At this point, around 10:12 am, a 
MAG*I*CAL standard sample (Figure 5.3.1. a-b) was loaded into the Titan ETEM (lab 1122). 
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As there wasn’t time for alignment, the sample was imaged in STEM mode using the alignment 
from the previous day. This hasty change, introduced carbon contamination to the sample during 
imaging, which degraded the image quality during continuous capture, though should not have 
been significant enough to remove high-spatial resolution information from the image. In 
addition, this system was not chosen originally, as due to its recent installation, there was a 
significant source of carbon to cause rapid contamination.  
 
 

 
 

High-resolution Scanning Transmission Electron Microscope 
Dark-Field images of MAG*I*CAL standard sample. (a) 

Configuration of [011] Si crystal, with ~10 nm features and (b) 
diffraction patterns for resolution determination. DF STEM 

images when the truck was stopped (c) and during travel on dirt 
next to the CINT South wall (e), with corresponding Fourier 

Transforms of the images (d) and (f), respectively. 

Figure 5.3.1. Dump Truck Vibration Impact on High-Resolution STEM Imaging 
 
 
Initial images were acquired on the [011] Si standard sample, after the crystal was tilted on to 
zone axis. Images were scanned at a slow rate of 40 seconds per image, with some sample drift 
observed due to thermal variation of the holder and the column within the microscope. Stable 
imaging was achieved when the dump truck was stationary at 10:40 am, shown in Figure 
5.3.1.(c). The corresponding Fourier Transform of the image is shown in Figure 5.3.1.(d), where 
intensity pattern, similar to a diffraction pattern may be observed to determine the spatial 
resolution obtained within the image. In the case where the truck was stationary, information 
from the [311] planes in Si were resolved, corresponding to 1.64 Å. During the second drive-by 
of the dump truck at 10:49 am, on the dirt next to the integration laboratory on the south side of 
the CINT building, Figure 5.3.1.(e). This image shows decreased clarity in the crystal lattice, 
which is quantified in the Fourier transform of the image shown in Figure 5.3.1.(f). During the 
motion of the dump truck on the dirt, almost 10 images were acquired, in which none provided 
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spatial resolution beyond the [022] crystal plane, corresponding to 1.9 Å. It should be noted that 
while the dump truck was stationary between tests and at the end of the experiment, images 
represented in Figure 5.3.1.(c) were obtained. This test identified that the vibrations transferred 
through the dirt under the building by the movement of a dump truck filled with 80,000 lbs of 
rock is significant enough to limit the high-spatial resolution imaging capability of the TEMs.  
 
During the dump truck test, images were also acquired on a scanning electron microscope (SEM) 
located in the Integration Lab on the south side of building. The SEM was operated at a 
magnification routinely used for inspection of fabricated devices. The test images are shown in 
Fig. 5.3.2. No discernable impact can be seen at this resolution. No images were acquired at the 
highest resolution during the test. 
 

 
Left – Before test, Right – During test. 

Figure 5.3.2 Dump Truck Test Impact on SEM Imaging 
 
 

6. TOOL-BASED VIBRATION REDUCTION SYSTEM 

6.1. System Description 
After discussions with the vendor of CINT’s TEMs, FEI, we contacted eQuestus Corporation, 
Mesa AZ, to evaluate a piezo-actuated active vibration dampening system. This system was used 
by FEI to limit construction vibrations on the TEM’s located at Intel’s Ronler Acres facility as 
well as the University of Portland where it was used to dampen out vibrations from the trolley 
car line that ran outside the building. 
 
The specific system recommended by the vendor was the TMC STACIS III, which “employing 
advanced inertial vibration sensors, sophisticated control algorithms, and state-of-the-art 
piezoelectric actuators, STACIS cancels vibration in real time by continuously measuring floor 
activity, then expanding and contracting piezoelectric actuators to filter out floor motion.” 
 
The system shown in the figures below consists of three active vibration dampening legs (left) 
that support a 4” thick steel slab on which the tool rests (right). 
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Active isolation legs (left image), system installed on a SEM 

(right image).  

Figure 6.1. TMC STACIS III Vibration Isolation System 

 
 
 

Table 6.1. STACIS III System Performance 
Active degrees of freedom  6 
Active bandwidth  0.6 to 150 Hz  
Natural frequency  Passive elastomer: 18 Hz, Effective active 

resonant frequency: 0.5 Hz  
Isolation at 1.0 Hz  40% - 70%  
Isolation at 2.0 Hz and above  90% or better  
Settling time after a 10 lb (4.5 kg) step input 
(10:1 reduction)  

0.3 sec  

Internal noise  <0.1 nm RMS  
Operating load range per isolator (different 
passive mounts required) Isolator overload 
safety factor  

400 - 4,500 lb (182 - 2,045 kg) > 2:1  

Number of isolators  3 or 4 typical  
Stiffness (1,000 lb/454 kg mass) (typical 
middle capacity isolator)  

40,000 lb/in. (73 x105 N/m)  

Magnetic field emitted  < 0.02 micro-gauss broadband RMS  

  
The team interviewed a user of the system and the reviews were mixed. The users did find 
improved resolution, but there were complexities in using the system that occasionally cause 
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instability in the tool. Specifically, they observed that the active vibration dampening system 
would occasionally induce instability when trying to counteract the passive dampening in the 
tool. In their experience, this complexity could be overcome. 
 

6.2. Calculated Vibration Reductions  
Data from the second CINT vibration test (see Section 5 & Appendix VI)  points to the 
conclusion that active damping tables will provide meaningful mitigation for some construction 
noise sources, such as truck traffic. 
 
Appendix VI shows vibration noise spectra before and during the “dump truck test”  in which a 
loaded dump truck was driven around the vicinity of CINT. The truck caused floor vibrations in 
the APF lab exceeding both tool manufacturer specifications, Table 1.4.1,  and VC-E (3 µm/s). 
The strongest noises were measured at 3 Hz with a vertical floor velocity of 5.6 µm/s (peak) with 
additional broadband noise in the range 10-30 Hz vertical floor velocity of 6 µm/s (peak at 23 
Hz), exceeding VC-E. While the dump truck was driving, the peak floor vibration velocities 
were 2-5 times larger than normal in these frequency ranges.  
 
To estimate the benefit of the damping tables, we multiplied the vibration spectra by the tables 
transmissibility function, Figure 6.2. The table transmits only  about 0.05 of the noise signal at 
3Hz, so the 5.6µm/s peak at 3Hz would be suppressed safely within manufacturer specifications 
and VC-E. The 10-30Hz broadband noise (6 µm/s peak ) would be suppressed by a factor of 
around 0.03, driving peak noise well below VC-E, and even the present vibration noise levels.  
 
It is worth nothing that the tables may not adequately damp out all construction noises. For 
example, during the first vibration test initiated by NNSA,  compaction activities caused ~380 
µm/s floor velocities, which would be suppressed by a factor of 0.03-0.05, to around 10-20 µm/s, 
which would exceed manufacturer spec’s in the 1-20 Hz range (Table 1.4.1), as well as 
considerably exceeding VC-E and present noise levels. 
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Figure 6.2. Plot of the Expected Transmissibility for the 

STACIS III System 
 

6.3. System Purchased 
Given the limited time available before construction begins for the NACP facility and the 
anticipated impacts of construction, it was decided that a TMC system should be purchased for 
the APF system. This decision was made based off of two main factors: 1 – the APF was the 
most sensitive of the tools at CINT and it is located on a normal slab (12”) with minimal 
isolation, and 2 – no room modifications are needed to install the system. 
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Figure 6.3. Blueprint of MTS System Purchased for Atomic 
Precision Fabrication System 

 
A STACIS III system was purchased and delivered in late September 2017. The system will be 
installed and actual performance evaluated in January of 2018. The delay in installation is driven 
by customer deliverables, which prevent the system from being taken offline for the 3-4 weeks 
needed to perform the installation.  
 
It was also determined that CINT should not purchase STACIS III systems for the transmission 
electron microscopes at this time, as extensive room modifications are needed to accommodate 
the increase in height of the systems. Pending the outcome of the planned installation in January 
2018 of the system on the APF, this decision will be revisited. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1. Key Findings 
• CINT is very quiet, better than VC-E. 
• Eubank traffic does not cause CINT to exceed VC-E. 
• Standard deliveries to CINT, including semi-trailer based deliveries, do not cause 

vibrations significantly in excess of VC-E at the tools. 
• No long term vibration impacts from the NACP are anticipated, provided that appropriate 

vibration isolation of the NACP building facilities are installed during construction. 
• Soil compaction during the construction of NACP will cause vibrations approximately 

100 times greater than VC-E, which will render the TEM and AFP tools inoperable 
during those times. 

• We were not able to determine if trenching will also cause vibrations in excess of VC-E. 
• Tests indicated that standard construction traffic will not substantively impact CINT’s 

operations. Only the TEMs operated at high resolution had any notable degradation of 
capability. 

• The committee also believes that other construction activities will likely not substantively 
impact CINT’s operations. 

• Isolation tables will help reduce vibrations. However, with only a 70% reduction of low 
frequency vibrations (<10Hz), they will likely not be effective during the compaction or 
trenching. 

 

7.2. Recommendations 
A general comment from the committee was the obvious statement that it is easier to reduce 
vibrations at the source, rather than working to reduce them after they have been created. If the 
vibrations must be created, then increasing the distance between the source and the impacted 
systems is the next best option. 

 

For the NACP Construction Team: 
• NACP should evaluate alternative construction technique that does not require vibration 

compaction of the soil or perform the compaction. If that is not an alternative, then 
NACP should consider lower force vibration compaction processes. For example, New 
York City requires low noise jackhammers. 

• The NACP construction team should route heavy construction truck traffic at the furthest 
possible distance from CINT, e.g. as far south on the NACP lot as possible to minimize 
impact on the APF and TEM. 

• Truck traffic, such as trash service, is not anticipated to induce vibrations in excess of 
VC-E. 

• Evaluate the use of a “sand break” to dampen the construction vibrations transmitted to 
the CINT facility if the source vibration can not be reduced. 

• Limit days/hours in which compaction can be done to standard business hours. 
• Develop a clear communication channel between the construction team and CINT, 

particularly during the trenching and compaction phase. CINT needs at least one week 
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advance notice of planned construction activities. One month’s advance notice is better 
due to the majority of visitors being from out of town and they need to schedule travel. 

 
For CINT management: 

• Schedule the majority of TEM and APF users to weekends and nights during the 
trenching and compaction phase of construction. 

• Change Foreign National TEM users access from 6am to midnight to 24 hour a day 
access to the TEMs during the trenching and compaction period. This will require a 
corporate exemption, but will reduce the loss in productivity of CINT. 

• Develop a clear communication channel between the construction team and CINT. Work 
with out-of-town users to provide the greatest possible advance notice and prevent wasted 
travel. 
 

7.3. Other Considerations 
Though this team did not specifically evaluate possible impacts on CINT from the construction 
of NACP other than vibrations a few areas that the team identified for consideration are listed 
below. 
 

• Positioning of transformers can be critical as they will typically have strong field and 
weak field directions. The strong fields have been observed to impact the sensitive 
electronic equipment such as the qubit’s fabricated and tested at CINT. 

• Welding in the vicinity of TEMs has also been observed to induce astigmatism issues. 
This is best solved through minimizing the use of the TEM while welding is occurring. 
Distance and appropriate electrical separation is also beneficial to reduce these effects 
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APPENDIX I:  SFO DIRECTIVE TO NTESS TO PERFORM VIBRATION STUDY 
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APPENDIX II: CINT PRE-CONSTRUCTION VIBRATION REPORT 
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APPENDIX III:  NNSA / BES MEMORANDOM OF UNDERSTANDING 
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APPENDIX IV:  AMEC FOSTER WHEELER PROJECT NO. 16-519-01563 
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APPENDIX V:  WILCOXON RESEARCH MODEL 731A SEISMIC 
ACCELEROMETERS AND THE CRYSTAL INSTRUMENTS, SPIDER 80X BOX 
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APPENDIX VI:  MACHINE DYNAMICS, INC. TEST REPORT 
 

 
 
October 11, 2017 
 
 
Mr. R Nick Davis, P.E.  
Senior Project Manager  
Structural Engineering 
Bohannan Huston 
7500 Jefferson St. NE 
 Albuquerque, NM 87109 
 
Dear Mr. Davis: 
 

This is a report of the vibration monitoring system installed at the CINT Facility, Building 518, 
Sandia National Laboratories. Approximately 20 days of background vibration activity has need 
accumulated. In addition, two tests were performed to judge the sensitivity of the facility to external 
construction activity: 
 

A. An impact test of 1,500 Kg 
B. A loaded dump truck 

 
Six vibration spectrums are attached, along with photographs of test items and a satellite view of 

the facility. 
 
Installed Vibration Monitoring System 
 

A four channel vibration monitoring system has been installed. It consists of four Wilcoxon 
Research Model 731A seismic accelerometers, 10 V/g. They are placed on the floor, in a vertical 
orientation, in the following laboratory rooms: 
 

Channel Number Serial Number Room Number 

1 10554 1102B SPM Lab 

2 10551 1522A Chase 1523 Optical Litho 

3 10552 1112A Quantum Transport Lab 

4 10553 1532 Flex Bay 

 
The sensor signals are cabled, several hundred feet, to a dynamic signal analyzer in the control room. 

The analyzer is an 8-channel, Crystal Instruments, Spider 80x Box. Only channels 1 to 4 are active and 
populated. The analyzer averages data for 60-seconds from each sensor, then transfers the resulting auto-
power spectrum to the host computer memory for storage. 

 
1021 Commercial Dr. SE, Rio Rancho, NM 87124 • Mailing address: PO Box 66479,  
Albuquerque, NM  87193-6479 www.machinedyn.com •  info@machinedyn.com •  (505) 884-9005 

http://www.machinedyn.com/
http://www.machinedyn.com/
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This data collection began the week of September 25th and runs continuously unless it is 

stopped. The vibration monitoring system was purchased by Sandia National Laboratory, is government 
property, and is intended to remain in place and operational indefinitely. Four additional cables have 
been placed above the ceiling to the four remote corners of the facility in anticipation of monitoring for 
external construction activity. 

 
In addition, four power unit/amplifiers, Wilcoxon Model P31, with cables are available to relocate 

the accelerometers anywhere in the facility and view the signal data with any low- frequency portable 
dynamic-signal analyzer. 

 
Activity Personnel 

 
Machine Dynamics, Inc., provided a Senior Vibration Analyst, Victor Wowk, P.E., for 

calibration, interpreting and analyzing data, and providing technical assistance for the written report 
generation. Mr. Wowk is an off-site consultant. 

 
The CINT Facility has designated a system administrator, Mr. Douglas Pete, to monitor and 

maintain the vibration monitoring system.  He is an on-site Sandia National Laboratory employee. 
 
Background Vibration Environment 

 
The background vibration in the four laboratory rooms is shown in Plots-01, -03, -05, 

and -06.  These are peak-hold averages, during a 20-second time period, and represent the typical 
statistical-peak levels that are not exceeded 98 percent of the time. The vibration criteria level of 
3.0 micron/sec velocity (VC-E) is labeled on the plots. Three of the laboratory rooms remain below this 
limit, while Room 1112 exceeds it at 59.5 Hz. The source of this 59.5 Hz is a vacuum pump in the 
adjacent chase. This plotted data was captured by digitally recording the signals, then processing later via 
a separate FFT spectrum analyzer. This was done with peak-hold capture to characterize the worst 
conditions during background monitoring and during the dump truck test. 

 
The permanently installed vibration monitoring system is accumulating data with exponential 

averaging. This suppresses the transient peaks, but does characterize the broadband steady-state levels. 
In that mode, all laboratory floors monitored remain below the 
3.0 micron/sec level, even Room 1112. 

 
The generic VC criteria is specified to be acquired in 1/3 octave bands rather than narrow band 

frequency spectrums. Narrow band frequency spectrums are being captured to facilitate diagnosis and 
analysis of specific sources. It should be recognized that 1/3 octave bands will accumulate data over a 
wider bandwidth and will, therefore, report a higher amplitude within the 
1/3 octaves. 
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The generic criteria also allows data to be acquired over a time length of 20 second to 2 minutes in 

linear averaging or peak hold averaging. Linear averaging is preferred for steady state background data, 
while peak hold averaging is recommended when transients are present. Exponential averaging 
emphasizes the most recent data with more weighting and de-emphasizes older data. For steady state 
background vibrations, linear and exponential averaging should be comparable, where peak hold 
averaging will be higher depending on the severity of transients. 

 
Impact Test 

 
A portable hardness tester was used to generate a 1,500 Kg impact onto a steel plate. A 

photograph of the typical test setup is attached. This testing was done outside the northeast corner of 
the facility.  The closest sensor in Room 1102, SPM Lab, was observed while the hardness tester 
impacted the steel plate several times. 

 
With the steel plate on dirt, no discernible shock pulse was visible above the normal background 

environment. With the steel plate on the concrete walk outside the northeast door, shock pulses were 
visible in the time waveform at levels approximately three times the normal background. 

 
The conclusion from this impact testing is that the dirt around the CINT Facility provides a good 

isolation barrier to impacts that create high-frequency vibration. 
 
Dump Truck Test 

 
A fully loaded dump truck was commissioned to drive around the south side of the facility.  A 

photograph of the actual truck used is attached along with an aerial view of its travel route. On the south 
side access road, one half of the tires were on the pavement, while the other half traveled on the uneven 
dirt adjacent to the pavement. The truck was loaded with 23 tons of rock and dirt for a total weight of 
80,500 pounds.  The dump truck traveled the route three times during which data from the four seismic 
accelerometers was digitally recorded with a 
Teac RD-101T PCM DAT Recorder. The data was later replayed into an FFT analyzer. The most active 
signals, when the dump truck was rolling close to the building, were captured in a peak-hold averaging 
mode. The results from the two nearest seismic accelerometers are shown in Plots 02 and 04.  The truck 
activity creates a significant low-frequency motion at 3.0 Hz plus broadband activity between 10 to 30 
Hz. In the peak-hold averaging mode, these vibrations exceed the 3.0 microns/sec limit. In the 
exponential-averaging mode from the Crystal Instruments box, the same vibrations are visible but the 
levels remain well below 
3.0 microns/sec. 

 
The 3.0 Hz vibration, being of very low frequency, is the one likely to be troublesome, if at all. 

The physical source of this is something very large and resonant, being energized by the broadband 
random energy of the dump truck motion. It could possibly be the roof.  This 3.0 Hz 
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vibration was visible at all four sensor locations, even those on the north side. The north side sensors did 
not display any significant vibrations in the 10- to 30-Hz range during the truck motion. The spectral 
pattern from the north side sensors was very similar to normal background motion with a very small peak 
at 3.0 Hz. 

 
Conclusions 

 
1.   The normal background vibration environment at the CINT Laboratories remains below 

3.0 microns/sec, with the exception of Room 1112 Quantum Transport Lab. 
 

2.   High-Frequency impact motion from construction activity is not likely to affect the facility. 
 

3.   Heavy truck movement, moving dirt around, compacting, pile driving, etc., will likely cause 
low-frequency motion activity below 30-Hz detectable by the nearest sensors. The transient 
amplitudes will remain near the VC-E limit of 3.0 microns/sec. 

 
 
 

Respectfully submitted, 
 
 
 
 

Victor Wowk, P.E. 
 

Enclosures: Six plots, Photograph of Impact Testing, Photograph of Truck, Map of Truck Route. 
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Bohannan Huston – Sandia National Laboratories 
CINT Facility – Path of Loaded 80,500 Dump 

Truck October 7, 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X Rm 1102 
 
 
 
 

X Rm 1112 
 
 
 
 
 
 
 
 
 
 
 
 

X Rm 1532 X Rm 1523 ↑ 
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The dump truck traveled the red path three times. 
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